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PREFACE

This report describes the efforts of The Hokenson Company, 840 S. Tremaine Ave. Los

Angeles, CA as part of the Jefferson Proving Ground Small Business Innovation Research

(SBIR) program. The work addresses addresses the possibility for reducing the sound pre-

ssure level frcm large caliber guns through the introducticn of a sim.-De add-on sil-encer.

The Jefferson Proving Ground Technical Monitor was Mr. Kaushik N. Joshi.

The work reported herein was performed during the period 9 July 1987 through 9 January

1988 under direction of the author and Principal Investigator, Dr:. Gustave J. Hokenson,

Chief Scientist of The Hokenson Company. The report was released by the author in

January 1988.

This report addresses results from Phase I of a planned mrulti-.phase SBIR and non-SB~I

effort to minimize the sound pressure level of large caliber cuns. Future work shall be

reported in connection with subsequent contracts.
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SECTION I

EXECUTIVE SUMMARY

In order to establish the feasibility of reducing the sound pressure level generated by

the firing of large guns, numerical simulations of the muzzle blast flowfield have been

carried out. The simulations involve finite difference solutions of the full equations of

motion, with and without the presence of a simple silencer affixed to the end of the

barrel. As a result of these numerical simulations, the effectiveness of this particular

class of silencer has been demonstrated, even though its configuration has yet to be

optimized. In addition to its favorable impact on the noise field, the design of this type

muffler is attractive due to its size, weight, simplicity, reliability and cost advantages

relative to more complex geometries. Based on these preliminary results, an extensive

series field tests of the silencer relative to its effect on the perceived sound level of

105, 120 and 155 mm guns is indicated, subsequent to a computational optimization of

the design for eaci caliber gun.



SECTION II

INTRODUCTION

With the renewed emphasis on the importance of tactical weaponry, a significant increase

in training and testing activities associated with guns of various sizes is anticipated over

the coming years. At installations like Jefferson Proving Ground, such gun firing takes

place within a few miles of the civilian population and 'noise pollution' of the environ-

ment may become a serious problem at the anticipated future levels of firing. In an

attempt to reduce this problem, the present work was proposed and executed in order

to assess the virtures of a particularly simple class of gun muffler/silencer shown in

Figure 1.
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SECTION III

DISCUSSION

The generic silencer geometry which was selected was motivated by observing numeri-

cal simulations of muzzle blast flowfield, such as that shown in Figure 2, and noting

that, at the instant the projectile base passes the muzzle plane, a radial 'piston' of gas

induces the ambient pressure field of primary consequence. Note, however, that the

silencer also affects the pressure field associated with flow ahead of the projectile as

it proceeds down the barrel. By collecting the radial muzzle blast, re-directing it and

allowing it to exhaust over a larger area at a larger radius, it was hypothesized that

the noise field would be favorably affected. In addition, the extent to which proximity

to the ground plane reinforces the far field noise may be controlled by such a silencer.

In this case, the utility of non-axisymmetric versions of the device, in which the final

ex.naust in the direction towards or away from the ground is controlled, may prove to

be beneficial. During Phase I of this work the axisymmetric configuration has been 'ocu-

sed upon in order to provide a definitive assessment of the concept feasibility.

Finally, the silencer geometry which has been proposed shall have a favorable effect upon

the reaction forces applied to the gun, including both axial loads and torque. This effect

remains to be quantified during future tests and numerical simulations.

GI

x
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In order to evaluate the effect of such a silencer configuration on the sound pressure

level field, numerical simulations utilizing the full time-dependent, multi-dimensional,

compressible, viscous and heat conducting equations of motion presented in Figure 3

were executed. During Phase I the flowfield was assumed to be axisymmetric, including

swirl. Phase II shall address various three-dimensicnalities induced by the ground and,

possibly, an optimum non-axisymmetric silencer.

The nomenclature used in Figure 3 is that which is conventional in the fluid mechanics

community. In order to solve these equations of motion, MacCormack's hybrid numerical

scheme was applied to a non-uniform finite-difference grid overiaying the flowfieid. The

initial/boundary value problem proceeded by solving for the dependent variables through-

out the interior and exterior of the 'arrel (ahead of and behind the projectile) and silen-

cer. On solid boundary surfaces, all velccities we:e set to zero relative to the surface,

temperature was specified and pressure extrapolated so that wall density may be compu-

ted from the gas law. At outflow boundaries, subsonic or supersonic radiation conc.itions

were imposed. At the breech end of the barrel interior, a simole combustion model of

the gas and heat release was scecif led. In adoition to this, the projectile cynamics w,,,as

fully .coupled to the gas dynamic flowfield ahead of and behind it, whose pressure differ-

ence establishes the projectile acceeration.
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SECTION IV

RESULTS

Within the context of the aforementioned numerical model, the flowfield incuced by the

muzzle blast of a ceneric 100-mm gLin was computed, both with and without a typical

silencer in place. Relative to the nomenclature of Figure 1, for these feasibility studies

C= =y= 1, 62 = 6 -1 , cp>>l and 6 = 3 .0, based on preliminary screening computations.

With regard to the induced sound pressure, the transient response at an arbitrarily selec-

ted point in the field is depicted in Figures 4a & 4b.

It is to be noted that the silencer has a beneficial effect on both the amplitude cf the

pressure field and its time-dependent structure. Since sound is related to t.e deviation

of the pressure field, and the subjective perception of it, such an effect is significant.

For pure tones, equivalent loudnesses at various frequencies may be judged using the

traditional concepts. With quasi-steady noise sources, a complex spectral assemblage of

pure tones may be used to simulate, for exam-rple, traffic noise and its overall bland by

band improvement in both the perceived sound and sound oressure levels. With regard

:o the impulsive, low frequency and high amplitude pressure ceviations associated with

field artillery, the time-constant of a given pressure level change has a significant

impact on the perceived loudness. This occurs not only because of the perception aspect

out also because, as with the silencer studied here, changes in the temporal structure of

the muzzle blast change the physical structure of the radiated shock/pressure field.

Therefore, the fact that the silencer alters the peak magnitude and temporal nature of

t-1e P:essure field is significant. At this point the silencer geometry has not yet been

octi;,.ized so as to Further reduce the amplitude and lengthen the time constart, thereby

3uttIng , more energy into lower frequencies.
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The detailed flowfield solutions at various times after projectile 'pop-out, are presented

in Figures 5 - 13 with the silencer in place and Figures 14 - 22 without the silencer.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

Numerical simulations of the flowfield induced by the muzzle blast from field artillery

have indicated that a particular simple silencer geometry can have a significant effect

on the amplitude and spectral content of the radiated pressure field, and thereby on the

perceived sound level. These simulations suggest that this class of silencer may be opti-

mized to provide noise reduction such that the benefits are maximized while the 'bur-

den', including size, weight, cost and complexity are minimized. The computations have

exposed details of the flowfield which previously had not been resolved by numerical

simulation.

Field tests on various size guns are required to validate the optimized silencer designs

following an extensive series of numerical simulations in order to ascertain the appro-

priate configurations. Enhancement of the numerical simulations to represent the com-

plex gun flow details more precisely may be required to achieve quantitative allnment

between theory and experiment. in addition, the effect of flowfield three-dimensionality,

as a result of proximity to the ground or a non-axisymmetric silencer, should also be

assessed prior to any extensive field testing.

-12-
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